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ABSTRACT
Backgroud: Non-Hodgkin lymphoma (NHL) is a common B/NK/T cell lymphoma. We collected
detailed data about the incidence and mortality of NHL from Global Burden of Disease (GBD)
Study in 2017 and extensively assessed the disease burden of NHL at the global level and also
analysed its current trends according to sex, age, socio-demographic index (SDI), country
and region.
Methods: By obtaining relevant data from Global Burden of Disease Study in 2017, estimated
annual percentage changes (EAPCs) of age-standardized rate (ASR) were calculated to assess the
current trends of the rate of incidence and mortality.
Results: Globally, ASR of incidence in NHL was increased while ASR of mortality and its annual
percentage change was relatively stable. EAPCs in the incidence of NHL decreased in the low
SDI regions but increased in the high SDI regions. The ratio of male to female mortalities was
the highest in the 50–69-year-old age group, especially in the middle and middle-high
SDI regions.
Conclusion: The incidence of NHL was increased globally, whereas the deaths and its annual
percentage change were relatively stable from 1990 to 2017.

KEY MESSAGES

� Age-standardized rate (ASR) of incidence in NHL was increased globally from 1990 to 2017.
� ASR of mortality and its annual percentage change in NHL were relatively stable globally
from 1990 to 2017.

� Estimated annual percentage changes (EAPCs) in the incidence of NHL decreased in the low
socio-demographic index (SDI) regions but increased in the high SDI regions.

Abbreviations: NHL: Non-Hodgkin lymphoma; mAbs: monoclonal antibody; CAR-T: antigen
receptor T cells; GBD: Global Burden of Disease; GHDx: Global Health Data Exchange; GBD:
Global Burden of Disease; UIs: uncertainty intervals; ASR: age-standardized rate; CIs: confidence
intervals; HDI: human development index; SDI: social-demographic index; NK cells: natural killer
cells; EAPCs: Estimated annual percentage changes; DLBCL: diffuse large B-cell lymphoma; CLL:
chronic lymphocytic leukaemia; SLL: small lymphocytic lymphoma; FL: follicular lymphoma; MZL:
marginal zone lymphoma; MCL: mantle cell lymphoma; PTCL: peripheral T-cell lymphoma
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Introduction

Non-Hodgkin lymphoma (NHL) is a common B/NK/T
cell lymphoma with 509,590 new cases and 248,724
deaths around the world in 2018 [1]. According to the
report from National Central Cancer Registry of China,

there were 88,200 new cases of lymphoma and mye-
loma in 2015 which accounted for 2.1% of all new
cancer cases, whereas the case number of deaths from
lymphoma and myeloma was 52,100 which accounted
for 1.9% of all cancer deaths in 2015 [2]. In 2016,
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more than 260,000 people were diagnosed with
lymphoma in China, indicating that there were
approximately 20 patients with lymphoma per 100,000
people [3].

The increase in overall survival rates of NHL was
largely ascribed to the progress in several treatment
studies and the application of the relevant research
achievements [4–9], which included monoclonal anti-
body (mAbs) [10–12], mAbs linked to anti-tubulin or
DNA damaging agents [13], small molecule inhibitors
[14,15] and the targeted chimeric antigen receptor T
cells (CAR-T) [16–18]. However, recently the mortalities
of NHL are still high and even remain increasing in
some regions. And the distribution trend of incidence
and mortality of NHL varies depending on age, gender
and country. Although several regional and national
studies on the incidence and mortality of NHL have
been performed, specific studies about the burden of
NHL at a global level are scarce.

The aim of this study was to comprehensively ana-
lyse the distribution trends of NHL in different coun-
tries and regions by collecting data from Global
Burden of Disease (GBD) study. It is necessary to get
more detailed data on the incidence and mortality of
NHL and the changing trends of NHL in different
countries and regions, which could help policymakers
to adopt policies more rationally based on the infor-
mation. In GBD Study in 2017, countries and regions
were divided into five major regions according to the
social-demographic index (SDI). Therefore in this study,
we collected detailed data about the incidence and
mortality of NHL from GBD Study in 2017 and compre-
hensively assessed the disease burden of NHL at the
global level and also analysed its current trends
according to sex, age, SDI, country and region. We
also collected data on human development index
(HDI) of the national level in 2017 from the World
Bank and evaluated the association between percent-
age change of incidence and mortality and HDI at the
national level.

Materials and methods

Study data

We collected data from the Global Health Data
Exchange (GHDx) on GBD Study in 2017 hosted by
Institute for Health Metrics and Evaluation at
Washington University, with the query tool (http://
ghdx.healthdata.org/gbd-results-tool). Instruments for
the tabulation and graphical visualization of the
GLOBOCAN database for 195 countries can be found
on the Global Cancer Observatory website. The 195

countries were divided into 21 regions, including
Eastern, Western, South-Eastern, and South Central
Asia; Eastern, Western, Southern, and Northern Europe;
Northern and South Central America; Southern,
Northern, Central, Eastern, and Western Africa;
Oceanian; Australia/New Zealandand Caribbean [1].
In GBD Study in 2017, countries and regions were
divided into five major regions according to SDI as
follows: low SDI, low-middle SDI, middle SDI, middle-
high SDI and high SDI. SDI was calculated based on
per capital income at the national level, the average
educational years of people above 15 years old and
the general fertility rate. General methods for GBD
2017 and the method for estimation of NHL burden
have been detailed in other GBD studies [19,20].
Briefly, data on the incidence and mortality of NHL
were sought from individual cancer registries or aggre-
gated databases of cancer registries. Since NHL is a
fatal disease, we used incidence and mortality to
assess its burden. The subjects in this study were
patients with NHL which conform to an approved
standard of The International Classification of Diseases
such as 9th/10th revision codes pertaining to NHL
(200–200.9, 202–202.98 and C82–C85.29, C85.7–C86.6,
C96–C96.9, respectively).

Statistical analysis

The indices relating to age-standardized rate (ASR) are
good indicators of changes in disease patterns of
population distribution, as well as are clues of changes
in risk factors. ASR is essential when we compare dif-
ferent groups of people with distinct age structures,
so ASR of incidence and mortality was calculated to
quantify the burden of NHL in this study. The ASR per
100,000 people was calculated using the method
reported by previous study [21]. In briefly, the age-
specific rates and number of people in the same age
subgroup of the standard people group were sum up,
then be divided by the sum of standard popula-
tion weights.

The change trends of incidence and mortality of
NHL were assessed by percentage changes and esti-
mated annual percentage changes (EAPCs). EAPC is a
frequently used measure of the ASR trend over a time
interval. A regression line was fitted to the natural
logarithm of the ASR, i.e. y¼ aþ Px þ £, where y is
the natural logarithm of the ASR, and x is the calendar
year. The EAPC was calculated as 100 � (exp (P) �1),
and its 95% confidence intervals (CIs) can also be
obtained from the model.
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Additionally, in order to explore the influential fac-
tor for incidence and mortality of NHL, we collected
data on HDI at the national level in 2017 from the
World Bank and analysed the correlation between per-
centage change of incidence and mortality and HDI at
the national level.

All the statistics were performed with the R pro-
gram (Version 3.5.3, R core team). A p value of less
than 0.05 was considered statistically significant.

Results

Global burden of non-Hodgkin lymphoma

Globally, the incidence of NHL varies considerably
across the world, with the highest incidence observed
in Lebanon (23.35 per 100,000 people; 95% UI:

[20.19–27.08] in 2017), followed by Australia (15.95 per
100,000 people; 95% UI: [14.1–17.89]) and New
Zealand (15.73 per 100,000 people; 95% UI:
[14.117.89]). The lowest incidence was observed in
Iraq (1.49 per 100,000 people, 95% UI: [1.35–1.64] in
2017), followed by Kyrgyzstan (1.68 per 100,000 peo-
ple; 95% UI [1.51–1.84]) and Bangladesh (1.71 per
100,000 people; 95% UI: [1.42–2.01]) (Figure 1 and
Table S1). As for the percentage change of incidence,
Lebanon had witnessed more than one time of incre-
ment (174.03%) from 1990 to 2017, followed by South
Korea (169.07%) and Georgia (147.17%). From 1990 to
2017, Iraq had fallen (�61.35%), followed by Burundi
(�33.34%) and Rwanda (�31.25%) (Figure 2 and
Table S2).

As for the mortality of NHL across the world, it was
shown that the mortality in Malawi was the highest
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Figure 1. The global disease burden of non-Hodgkin lymphoma for both sexes in 195 countries and territories in 2017. The age-
standardized deaths rate (upper) and the age-standardized incidence rate (lower). The world map was created using R program
package “maps” (version 3.3.0, https://cran.r-project.org/web/packages/maps/index.html).
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(11.79 per 100,000 people; 95% UI: [9.65–14.02] in
2017), followed by Lebanon (9.02 per 100,000 people;
95% UI: [8.01–10.22]) and Uganda (8.24 per 100,000
people; 95% UI: [6.95–9.68]). Besides, the lowest mor-
tality was observed in Kyrgyzstan (1.22 per 100,000
people; 95% UI: [1.12–1.33] in 2017), followed by Iraq
(1.26 per 100,000 people; 95% UI: [1.14–1.38]) and
Kazakhstan (1.41 per 100,000 people; 95% UI:
[1.3–1.55]) (Figure 1 and Table S3). In terms of the per-
centage change of death from 1990 to 2017, more
increments was recorded in Georgia (104.74%), fol-
lowed by Lithuania (59.94%) and Zimbabwe (59.22%),
more reductions were recorded in Iraq (�64.62%),
followed by Kazakhstan (�42.17%) and Bermuda
(�41.44%) (Figure 2 and Table S4).

Regarding SDI regions, the incidence of NHL was
increased in other SDI regions except the low SDI
regions during the period from 1990 to 2017 (Table
1). As for the geographical regions, absolute number
of NHL cases was increased in almost all the regions
(Figure 3). Significant or slight decreases in the per-
centage change incidence of NHL were reported in 50
countries or territories (including Iraq, Burundi,
Rwanda, etc.) from 1990 to 2017. However, the per-
centage change incidence of NHL was reported as
being significantly increased in 18 countries or territo-
ries including Lebanon, South Korea, Georgia, Estonia,
etc. Additionally, 33 countries or territories including
Seychelles, Romania, Mauritius, and Ireland showed a
substantial increase. But steady or slight increase in
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Figure 2. The age-standardized percentage change of incidence and mortality of non-Hodgkin lymphoma for both sexes in 195
countries and territories in 2017. The age-standardized percentage change of deaths (upper) and the age-standardized percentage
change of incidence (lower). The world map was created using R program package “maps” (version 3.3.0, https://cran.r-project.
org/web/packages/maps/index.html).
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the percentage change incidence of NHL was reported
in 93 countries or territories, including France, UK,
Philippines, Norway, North Korea, etc (Figure 2).

The mortality was increased in the low-middle, mid-
dle and middle-high SDI regions during the period
from 1990 to 2017. However, the mortality was
reduced in the low and high SDI regions (Table 1).
One hundred countries or territories (such as Iraq,
Kazakhstan, Bermuda, etc.) were shown as being sig-
nificant or slight decreases in the percentage change
death of NHL from 1990 to 2017. Moeover, substantial
increase in the percentage change death was reported
in five countries or territories including Lithuania,
Zimbabwe, and Ukraine. Steady or slight increase in
the percentage change death was shown in 89 coun-
tries or territories including Japan, South Africa, India,
etc. (Figure 2).

The change in the incidence of NHL

At the global level, the incidence of NHL increased
gradually, and it changed from 4.75 per 100,000

people (95% UI: 4.62–4.93) in 1990 to 6.18 per 100,000
(95% UI: 6.06–6.29) in 2017 (Figure 3). The percentage
change incidence of NHL was 30.12%, while its EAPCs
of the incidence was 0.75 (95% CI: 0.62–0.88) during
the period from 1990 to 2017 (Table 1). In terms of
SDI level, as shown in Figure 3 and Table 1, the per-
centage change incidence and its EAPCs of the inci-
dence decreased slightly in the low SDI region but
they increased significantly in the other SDI regions. In
the high-middle SDI region, EAPCs of the incidence
increased dramatically by 2.46 (95% CI: 2.21 to � 2.7).
EAPCs of the incidence in the other three SDI regions
were on the increase.

From the viewpoint of the 21 territories in the
world, the percentage change incidence of NHL in
East Asia, High-income Asia Pacific, Eastern Europe
and Central Europe increased significantly from 1990
to 2017. However, the percentage change incidence
decreased in the following three territories such as
Central, Eastern and Western sub-Saharan Africa
(Figure 4). Besides, we observed positive correlations
between HDI and incidence of NHL (q¼ 0.59,
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Figure 3. The age-standardized incidence and mortality rate of non-Hodgkin lymphoma by SDI and gender from 1990 to 2017.
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p< 0.001) for both males (q¼ 0.57, p< 0.001) and
females (q¼ 0.56, p< 0.001) (Figure 5).

As for gender and age, the incidence of NHL in the
males was higher than that in the females (Figure 6).
For example, in 2017, the ASR of NHL incidence was
46.85 (95% UI: 45.29–48.44) and 32.86 (95% UI
31.67–33.89) per 100,000 people in males and females
aged over 70, respectively. The ASR of NHL incidence
was 17.54 (95% UI: 16.98–18.07) and 11.75 (95% UI:
11.35–12.12) per 100,000 people in males and females
aged 50–69, respectively. The ASR of NHL incidence
was 3.14 (95% UI: 3.02–3.25) and 2.14 (95% UI:
2.07–2.22) per 100,000 people in males and females
aged 15–49, respectively. Globally, the male-to-female
ratios of incidence were all more than 1.4 in the
groups aged 15–49, 50–69 and over 70. Besides, the
male-to-female ratios of incidence were greater in
Middle SDI regions of all three age groups than those
in low-middle SDI regions of all three age groups
(Figure 7). Noticeably, the male-to-female ratio of inci-
dence in high-middle SDI region had been increasing

significantly since 2005 (Figure 7). In brief, the inci-
dence of NHL in the young-aged group accounted for
relatively low proportion in all the age groups, while
the incidence of NHL was significantly higher in the
males of old-aged groups than that in the females of
old-aged groups (Figure 6).

Overall, the male-to-female ratio of incidence
tended to be on the increase from 1990 to 2017.
However, there were also exceptions. In the group
aged 15–49, the male-to-female ratio of incidence in
high SDI regions gradually decreased, and that in low
SDI regions were relatively stable. The male-to-female
ratio of incidence in low-middle SDI regions of all
three age groups was lower than those in the other
four SDI regions of all three age groups. As regard to
the level of GBD territories, the incidence rate of NHL
showed an upward trend in four territories including
East Asia, High-income Asia Pacific, Eastern Europe,
and Central Europe, while a downward trend was
observed in three territories including Central, Eastern,
and Western sub-Saharan Africa.
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The change in the mortality of NHL

At the global level, the mortality of NHL was stable
with 3.19 per 100,000 people (95% UI: 3.1–3.34) in
1990 and 3.18 per 100,000 people (95% UI: 3.11–3.24)
in 2017. However, the EAPCs of NHL significantly
decreased by �0.19 (95% CI: from �0.28 to �0.1), and
the percentage change mortality of NHL from 1990 to
2017 decreased by �0.47% (95% UI: from �5.91 to
�3.34) (Table 1). As for the analysis of NHL according
to the SDI level and territories, the percentage change
death in both low and high SDI regions decreased sig-
nificantly during the period from 1990 to 2017, and its
percentage change death was �2.03% (95% UI: from
�19.39 to 16.38) and �14.04% (95% UI from �15.99
to �12.17) in low and high SDI, respectively (Table 1).
From 1990 to 2017, EAPCs of death in low and High
SDI regions decreased slightly with �0.15 (95% CI:
from �0.23 to �0.08) and � 0.99(95% CI: from �1.18
to �0.8), respectively. But the percentage change
death of NHL and its EAPCs in other SDI regions
increased from 1990 to 2017 (Table 1). The mortality
in males was higher than that in the females during

this period (Figure 3). Moreover, the percentage
change death of NHL and its EAPC were reported as
being slightly decreased in 10 territories including
Australasia, Caribbean, Southern Latin America,
Southeast Asia, Western Europe, High-income North
America, North Africa and the Middle East, Central
Sub-Saharan Africa, Eastern Sub-Saharan Africa and
Western Sub-Saharan Africa. And the percentage
change death of NHL and its EAPC were shown as
being steadily or slightly increased in eleven territories
including Central Europe, Central Asia, Central Latin
America, Tropical Latin America, Southern Sub-Saharan
Africa, Eastern Europe, Andean Latin America, High-
income Asia Pacific, South Asia, East Asia and Oceania
(Table 1). From the viewpoint of GBD territories, the
mortality showed an upward trend in six territories
(East Asia, South Asia, Eastern Europe, Central Europe,
Andean Latin American, Southern Sub-Saharan Africa),
a downward trend in eight territories (Australasia,
High-income North American, Western Europe,
Caribbean, North Africa and Middle East, Central
Eastern and Western sub-Saharan Africa), and a stable
trend in the other territories (Figure 4).
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Figure 5. The correlation between human development index (HDI) and age-standerdized percentage change of incidence and
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ces and p values were derived from Pearson correlation analysis.
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As for gender and age, the mortality of NHL had
been gradually increasing with age since 1990, and
the mortality of the males was higher than that of the
females (Figure 6). For example, in 2017, the mortality
of NHL in patients aged over 70 was 30.12 (95% UI:
29.32–30.83) and 20.78 (95% UI: 20.12–21.35) per
100,000 people for males and females, respectively.
The mortality in patients aged 50–69 was 8.56 (95%
UI: 8.29–8.78) and 5.16 (95% UI: 4.98� 5.34) per 100,
000 people for the males and the females, respect-
ively. The mortality of people aged 15–49 was 1.24
(95% UI: 1.19–1.29) and 0.79 (95% UI: 0.76� 0.83) per
100,000 for the males and females, respectively. The
male-to-female ratio of deaths displayed an increasing
tendency in the age groups of 15–49, 50–69 and over
70 years from 1990 to 2017. However, in the group
aged 15–49, the male-to-female ratios of deaths in
high SDI regions gradually decreased.

In brief, the male-to-female ratios of deaths in the
group aged over 70 were lower than that in the
groups aged 15–49 and 50–69. Additionally, the mor-
tality of NHL in the young-aged group accounted for

relatively lower proportion in all the aged groups. And
for the old-aged group, males showed a significantly
higher mortality of NHL as compared to females.
Moreover, the male-to-female ratios of deaths in
Middle SDI regions were relatively higher than that in
other regions in all three age groups. But low-middle
SDI region showed a lower male-to-female ratio of
deaths relative to other regions in all three age groups
(Figure 7).

Discussion

In the current study, we comprehensively analysed the
current trends in the incidence and mortality of NHL
at the global, regional, and national level. In general,
both the incidence and mortality of NHL were
increased during the period from 1990 to 2017. The
trend, however, varied from region to region. On the
basis of the objective evidence provided in this study,
more rational studies on strategies, disease control
and prevention may be conducted.
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NHL is a heterogeneous group of lymphoid malig-
nancies originating in B-lymphocytes, T-lymphocytes,
or natural killer (NK) cells (NK/T-cell lymphomas are
very rare). According to the classifications of NHL by
World Health Organisation (WHO) in 2017, there were
nearly 100 subtypes [22]. The aetiology and risk fac-
tors responsible for NHL include gene rearrangement
[23], chromosome translocation [24], and viruses such
as Epstein-Barr virus (EBV) [3,25], human immunodefi-
ciency virus (HIV) [26,27], hepatitis B/C virus (HBV/HCV)
[28–30], helicobacter pylori (HP) [31] and human her-
pes virus (HHV8) [32] infection. Therefore, the global
distribution of NHL shows an inconsistent tendency.
Despite an increasing understanding of the pathology
and genetics of NHL, global reports on distribution
characteristics of the incidence of NHL remained lim-
ited. We comprehensively analysed the temporal
trends in the incidence and mortality of NHL at the
global level from 1990 to 2017, so as to better formu-
late the management program of NHL and improve
the survival rate of the disease.

Data about the incidence and mortality of diseases
in many countries are available through the WHO, but
the cause of deaths varied greatly in the accuracy of
the record and the completeness of registrations.
Overall, the incidence of NHL was high in Australia,
High-income North America and Western Europe, but
was low in Europe, Latin America and Africa. The het-
erogeneous pattern in risk factor exposures results in
a markedly diverse in the incidence of NHL across the
world, and makes the prevention of NHL be complex.
Moreover, marked variations in incidence rates of NHL
exist in population of each region around the world.
So, special attention should be given to the role of
endemic infections and environmental exposures in
the incidence of NHL in some regions, particularly in
Africa, Asia and Latin America. Additionally, the mor-
talities of NHL were high in Eastern Sub-Saharan
Africa, High-income North America and Australia, but
were low in East Asia, Central Asia and Central Sub-
Saharan Africa. We found the phenomenon that the
mortality of NHL was high in both the developed
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regions and underdeveloped areas, which may be
ascribed to the so-called westernization of lifestyle,
the different pathological subtype of lymphoma, and
relatively high incidence of invasive NHL in both the
developed and underdeveloped regions. The above
analysis could provide the explanation for possible
causes of the overall differences in the incidence and
mortality of NHL in different regions. Next, we will
analyse the percentage changes from 1990 to 2017,
trends by gender, age and region, and the related fac-
tors that may have effects on these results.

In this study, we described the latest trends and
patterns of global incidence, mortality and EAPC of
NHL from 1990 to 2017 according to the results
of GBD Study in 2017. The incidence and mortality of
NHL were higher in males of all age groups than that
in females of all age groups, which is partly attributed
to some risk factors including smoking and infections.
From the point of view of the global level, the inci-
dence of NHL had gradually increased from 4.75 per
100,000 people in 1990 to 6.18 per 100,000 people in
2017. Over the past 28 years, the incidence and EAPCs
of NHL had increased by 30.11% and 0.75, respect-
ively. Additionally, we also found that the incidence
and mortality of NHL in all the SDI regions were lower
in young-aged group than those in the old-aged
group. An upward trend of the incidence was shown
in four territories including East Asia, High-income
Asia Pacific, Eastern Europe, and Central Europe, which
may be associated with the continuous advancement
of diagnosis and treatment in these regions. For
example, stem cell transplantation and novel agents
such as small molecule inhibitors and immune check-
point inhibitors [33] could provide a new choice for
those with refractory or recurrent NHL. With the devel-
opment of new treatment strategies and palliative
medicine, the survival period of patients with NHL is
extended. Therefore, the increased incidence may
reflect the improvements in the ability of early detec-
tion of subclinical lesions. However, a downward trend
of the incidence was shown in three territories includ-
ing Central, Eastern and Western sub-Saharan Africa,
and this may be associated with wars and condition
of economy and medicine in these regions. Our results
also showed that EAPCs of incidence decreased most
significantly by �0.1 in the low SDI region, while it
increased most markedly by 2.46 in the high SDI
region. In this study, we also analysed the disease bur-
den according to the HDI which was created by the
United Nations Development Program to highlight the
importance of national policy in assessing outcomes
of the development beyond the economic growth. We

found that HDI was positively associated with the inci-
dence of NHL, well demonstrating our presumption of
the causes for the constant increase of the incidence.

Mortality is a better parameter for evaluating the
effectiveness of cancer treatment as compared to the
incidence or survival rate, since mortality is less
affected by some biases derived from changes in
detection practices of diseases [34]. However, the
advantage of mortality in assessing the efficacy of
treatment is based on the premise that survival rate is
steady between the groups to be compared. We
found that from the viewpoint of global level, the
EAPCs of death of NHL decreased significantly by
�0.19 during the period from 1990 to 2017, while the
percentage change of mortality of NHL decreased by
�0.47 over the same period. Notably, the mortality of
NHL in male subjects was higher than that in female
subjects. Moreover, our results showed that the mor-
tality of NHL was relatively stable around the world.
Based on the above analysis, we should actively pre-
vent or reduce the incidence of NHL other than pro-
viding better approaches for treatment of NHL,
although there is a great challenge to complete
the task.

There are some limitations in this study. First, the
quality of data in some underdeveloped territories
such as Africa and Tropical Latin America was not
accurate, since there are not reliable systems provid-
ing the information about mortality of diseases in
those regions and population-based cancer registries
are rare there. Secondly, racial differences were
neglected in the GBD Study. However, to a certain
extent, racial differences have a profound impact on
the onset and death of diseases. It is required to fur-
ther investigate the aetiology and risk factors for NHL
in our future study. This might help to better explain
the changing trend and the distribution of pathogenic
factors in the disease so as to develop more appropri-
ate strategies of prevention and therapies of NHL.
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